Difficulties in developing successful cryopreservation protocols for shoot tips and nodal bud explants of the tropical species Dioscorea rotundata (yam)  by Quain, M.D. et al.
In their land-mark compendium published in 1980, H.F.
Chin and Eric Roberts brought together what had then been
recorded about recalcitrant seeds. This work was invaluable in
collating the information about the species (then) known to
produce seeds that were apparently recalcitrant; presenting
records of storage regimes attempted and the resultant seed
responses and life spans; and making recommendations as to
how recalcitrant germplasm might be handled in terms of
conservation of these resources. What was very clear, however,
was that few systematic investigations had been carried out that
might reveal the basis of recalcitrant seed behaviour. This
impression was entrenched at the meeting held in Reading in
1980, where it became apparent that no one understood why it
was that seeds collectively termed recalcitrant, were desicca-
tion-sensitive, although the objective(s) of that workshop were
to come up with ways in which the genetic resources might be
conserved in the long term. Considerable progress made in the
1980s and early 1990s revealed that the desiccation sensitivity
of recalcitrant seeds was the outcome of their actively
metabolic status, and that – provided that there was no
significant water loss – such seeds would grade imperceptibly
from late developmental metabolism into that typifying
germination. Hence, recalcitrant seeds could be viewed more
as seedlings, than compared with mature (dry) orthodox types.
Further progress was made when it was shown that as this
metabolic transition occurred, seeds became increasingly
desiccation-sensitive. Thus, the basis of the desiccation
sensitivity could be related to the metabolic status. Break-
through work by the MSB group has recently shown that the
degree of seed recalcitrance shown within individual species
varies with provenance along a latitudinal gradient — which is
also linked to the extent of seed development. Similarly,
ongoing work has shown that seeds of a tropical species exhibit
marked differences in chilling sensitivity correlated with the
latitude of their provenance (see Abstract and Poster by
Bharuth et al.). A serendipitous discovery – that the more
rapidly water was removed from recalcitrant seeds, the
relatively greater degree of dehydration they would tolerate
in the short-term – proved ultimately to be the basis of the axis
flash-drying technique which yields specimens at water
concentrations facilitating cryostorage. The intricacies of
cryotechnology will be mentioned here, and elaborated in
complementary presentations. However, the realisation that
drying rate was a factor in seed/axis survival in the immediate
short-term, gave rise to biophysical experiments that showed
the states of water not to differ among orthodox and recalci-
trant seeds, but that water in hydration level II could not be
lost without lethal damage in recalcitrant seeds. Experimenta-
tion with drying rate also gave rise to the concepts of
metabolism-linked damage (increasingly lessened as drying
rate increases) and desiccation-damage sensu stricto, the nature
of which is presently being explored. The current status of our
understanding, including ecological implications and cryo-
conservation technology, will be reviewed.
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Dioscorea rotundata (white yam) is a monocotyledonous
crop belonging to the yam family, Dioscoreaceae, and is
considered to be among the oldest recorded food crops.
D. rotundata is believed to have originated on the eastern
banks of the River Niger in West Africa from the occurrence
there of a large number of cultivars, with its collection and
domestication beginning around 5000 years ago. D. rotundata,
D. cayenensis and D. domentorum are recorded as the earliest
domesticated yams in West and Central Africa. Yams have
remained major staple foods in West Africa, being a source of
carbohydrate, predating the cultivation of cereals. Yams are
traditionally cultivated using the whole tuber or relatively large
tuber pieces, or minisetts, i.e. by clonal propagation, to generate
true-to-type progeny. However, there is also less-conventional
propagation, using the tuber peels and seeds as propagules,
although use of seeds is mostly restricted to research
programmes for crop improvement. A major constraint to
seed utilisation is the prevalence of non-viable individuals,
having no embryo or endosperm due to poor pollination and/or
fertilization. Seeds may also be shrunken or undersized. Also,
when used as propagules, yam seeds do not give rise to true-to-
type progeny. This thus dictates that studies be conducted on the
use of shoot tips and axillary buds as potential sources of
planting material and explant conservation, using cryopreser-
vation as a complementary preservation technique. Explants
(shoot tips and axillary buds) from in vitro maintained cultures
were subjected to silica gel dehydration and vitrification-based
cryopreservation protocols. Survival recorded for Dioscorea
spp. shoot tips treated with PVS2 for 40 min and unloaded with
1.0 M sucrose-supplemented medium, was 56.36±3.22%.
Based on explants surviving vitrification treatment, there was
72 and 36% survival following cooling to −70 °C, and −196 °
C, respectively, as indicated by tetrazolium (TTZ) testing.
Plantlet development (36%) was obtained for −70 °C-cooled
shoot tips, whereas callus development was obtained in 18% of
explants exposed to liquid nitrogen. Initially, culturing explants
on medium supplemented with 0.3 M sucrose for 3–5 d
considerably reduced tissue water content – from ∼12.2 g g−1
to between 4.8 and 5.5 g g−1 dry mass – before vitrification or
silica gel dehydration. However, the silica gel dehydration
protocol did not facilitate the explants surviving cooling and
ultrastructural studies indicated that cell degeneration accom-
panied dehydration on silica gel. It appears that the major
problem with the yam explants was their high water content at
the outset accompanied by an inability to tolerate dehydration to
sufficiently low levels to facilitate cryostorage. Thus means to
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reduce the water content of the material prior to explant
excision, are currently being investigated.
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An estimated 90% of the world's seed-bearing plants have
desiccation tolerant, orthodox seeds. In contrast, recalcitrant seeds,
mainly found in trees, cannot withstand desiccation and need to
germinate within a limited period of time after dispersal from the
mother plant. Due to their intolerance of desiccation, recalcitrant
seeds are not part of natural in situ soil seed banks and they cannot
be stored ex situ in conventional gene banks. However,
cryopreservation techniques exist that allow storage of embryonic
axes of recalcitrant seeds in liquid nitrogen. Here we report that
excision is accompanied by a burst of superoxide (O2
−) and show
how O2
− production is affected by desiccation. Extracellular
production of highly toxic reactive oxygen species (ROS) such
as O2
− is a typical wounding response used by organisms to deter
microbial pathogens. Patterns of O2
− production were studied in
isolated embryonic axes of European Sweet Chestnut (Castanea
sativa). Superoxide was detected colorimetrically after staining
with nitroblue tetrazolium, and electron spin resonance with Tiron
as a spin trap was used to confirm its chemical nature. Superoxide
was immediately produced on the cut surface after isolation of the
axis from the seed, with an initial ‘burst’ in the first 5 min. Isolated
axes subjected to variable levels of desiccation stress showed a
decrease in viability and vigour, as well as a loss of membrane
integrity, indicative of intracellular damage by ROS. The pattern of
O2
− production showed a typical Gaussian pattern in response to
stress. The initial burst of O2
− production first increased from below
4 μmol g−1 h−1 in un-desiccated axes with a water content (WC) of
about 60% (fresh weight basis) to more than 10 ìmol g−1 h−1 in
desiccated axes that had lost 50% viability (WC=∼40%), with O2−
production then falling to close to 4 μmol g−1 h−1 in axes that had
lost viability (WC=∼25%). The results indicate a complex
interaction between excision and subsequent drying that merits
further investigation.
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The study assessed the desiccation-sensitivity of the excised
embryonic axes of the following Amaryllidaceae species: Sca-
doxus puniceus, Amaryllis belladonna, Nerine huttoniae,
N. humulus, N. bowdenii, N. filifolia, Haemanthus humulus
humulus, H. coccineus, H. deformis, H. bakerae, Brunsvigia
gregaria, Brunsvigia orientalis, Boophane disticha, Strumaria
discifera, Crinum macowanii and C. bulbispermum. Using
SurGeo, a database integrating spatial and geographic parameters,
the relationship between environmental characteristics associated
with the populations sampled and seed characteristics/responses
was also investigated. Excised embryonic axes were rapidly
dehydrated (flash-dried). Curves of water content (g g−1) and
viability (%) versus drying time (min) were used to interpolate the
water content (WC) and drying time (DT) values corresponding to
80% viability (WC/DT V=80) for individual species, in a
comparison of desiccation-sensitivity between developmental
stages and among years, provenances, species and genera. The
seeds of all sixteen species were shed with high axis water
contents (2.60±0.16 to 6.94±0.93 g g−1, dmb) andwere sensitive
to desiccation, with WC V=80 ranging from 0.13 to 3.15 g g−1.
Germination in amaryllids is unusual in that part of the cotyledon,
to which the embryonic axis is attached, grows right out of the
seed, when axeswere found to bemore desiccation sensitive in six
out of nine species investigated. Both axis sheddingwater content
(SWC) and the degree of desiccation-sensitivity were species-
characteristic. SWCwas not significantly related to the time taken
to flash-dry axes to water content at which viability was
equivalent to 80%. Seed fresh mass (SFM) differed widely across
species. Parent plants were not confined to any particular biome
type and some occurred in areas characterised by seasonal dry
spells. Seed and habitat characteristics were not useful in
predicting the degree of desiccation-sensitivity across a number
of species belonging to the same family.
doi:10.1016/j.sajb.2007.04.029
The effects of cryopreservation of recalcitrant excised
Amaryllis belladonna embryonic axes on the vigour of
recovered seedlings
S. Naidoo, N.W. Pammenter, P. Berjak
Plant Germplasm Conservation Research, School of Biological
and Conservation Sciences University of KwaZulu-Natal,
Durban, South Africa
Cryopreservation at liquid nitrogen temperatures is the most
promising route for the long-term germplasm conservation of
recalcitrant seeds. Considerable attention has been paid to
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